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(54) Fish pancreatic disease virus 

(57) There is described a novel virus which is the 
causative agent of fish pancreatic disease, which is a 
serious disease affecting Atlantic salmon. A method of 
isolating the virus through co*cufflvatton of Infected tis- 
sues following by passage is descrtoed and an isolated 
strain of the virus has been deposited. 

The use of the virus, or proteins or polypeptide 
derived therefrom as a vaccine or in diagnosis is 
described, together with genetically engineered con- 
structs. 
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Description 

provide a vaedne andfer a method of diagnosis or the "fffrL „,_„ (Sa/mon salarU. The disease causes lessons 

Psr*reasDiseaseFD)isa^ 
in the pancreas, include tore ofpancreaM JSSJSJXi Atlantic salmon. gquW also be infected by PD. 
believed thai other salmon** 32571-586 

who^-iatcartiacandjWaja.n^ 

KpTy^C^^ Soct^andto^areesWc-s: 



65 



SO 



Counfry 


■formes of salmon produced 


Numbers of emote put to sea 


Norway 


200,000 


60 mSBbn 


Scotland 


55.000 


SOmllfion 


Ireland 


44,000 


7 million 



McVlrar el al postulated thai PD was caused by KBE SS^KS 

epidemiological studies and transmission ^^^^^ fK S^ (i^Ray^ 
is^<see IMVtear In Aquaculture ^ 71 "™ <\f ^^^^w^^^Xmhton (1994) 18: 109-118 
at aUKs! AquaL OB. 15:123-128 <^«^ M J£^£^^ 

reported that fish bacoma resistant* '^^^S^^^O^^r^ atterr^ts to do so (see 
an infectious agent. However, to date no .rrfeaious agent has been isxsaieo a«^^ »»■ 

Mctfcar (19B7) ^^"^^^S^f^^^ agent of PD for toe first time, The cauaatNe agent has 
The present inverton reports the rf»lat»r^ trw ca^r« aa«u FPD vvlrus. vwthout promotions 

nc^toimdtobeasphericalvl^ 

« nasadiametar of 46.8±2.5nm. s chloroform ^P" s ^^ r ^^^ Te5 J^ The ibgaviius family 

post-sn^oduces p^eae disease s*h Hs aesocsrtod 

morphological changes In the par.aeas.neaa ^^^T^f- ^ (FPDV) , 

Viewedfrom one aspect, the present ^^.P^^^^^^^^^oTeMenm asmeasurad 

by electron microscopy and a denary of L2g/mi fo dByel ^tome of pancreatic disease, that 

Atlantic saimon pM« W ^^^^^l!^ cSr^s and £SnW*hy. 
is to become irappetant and to develop P 3 " 61 *^^^ ^^^ on not Dmjted to any particular virus strain 
By FPDVwe mean a virus having the related 
of FPDV. however embodiments ofthe > T^J^^£^SSS^S^^ phenotyplc char- 
strains thereof. By "closely ^ sto^- we ^^f^^^^S^^ ofthevfrus which retain 
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In oarticirtar with FPDV we mean a fish virus which serdo^caHy reads with convalescent anti-FPDV antiserum or 
antiserum raised agafcst the deposited FPDV cample (ECACC No. V94090731). More in particular a FPDV is a lish 
virus which gives a positive reaction with either of these antteera In an indirect fluorescent antibody test (IFA). 

Desirably the virus of the present invention is in a term substantially free of other types of viral or rrncroWaJ material. 

9 A sample of FPDV has been deposited at European Collection of Animal Cell Cultures, Porton Down. WDteWre. 
United Kingdom (ECACC) under Deposit No V94O90731 on 7lh Septerrtoer 1994. 

Further, the present Invention presides polypeptides derived from FPDV (which term includes functional equivalents 
or parts of such polypeptides). The term T»Jypepfcle" as used herein is not fimifing with regard to the size of the molecule 
and includes distinctive short peptides as well as large protefca. 

10 The polypeptides of the present invention may be produced by any convenient method. For example, the polypep- 
tides may be produced by harvest from active or attenuated forms of FPDV, including protectee treatment of such forms 
of FPDV Suitable proteolytic agents are well-known to those skilled in the art. end indude enzymes such aa trypsin or 
pepsin and chentfcaJ reagent 

virus preparations to produce whole proteins that may be active. Alternatively, the polypeptides or the present invention 
is may be produced by genetic engineering techniques. For example, an appropriate proteJn-erwcdlng porton of a nucle- 
otide sequence may be expressed to produce the required polypeptide. The required genetic engineering techniques 
are weH-taiown to those skilled in the art. but in summary a cONA copy of at least the appropriate portion of the FPDV 
RNA genome is prepared. Suitable primers tor cDNA production may include an oTtgo T primer, a primer designed from 
nucleotide information of a related virus or primers which are produced wflh random sequences. The DNA may then be 
placed into an appropriate vector and optionally the protest* encoded thereby may be expressed by a compatible host. 
Optional steps include Insertion of a suitable expression control sequence, clonal expansion of tiie recombinant vector 
and selection of the required recombinant construct .^ aJ , 

As a general reference to genetic engineering techniques, mention may be made of Maniatis et al In MoSecular 
Cloning a Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1982- 

The prfypsptides of trie present inventi 
thereof) and thus comprises polypeptides having a structural or a non-structural role in the virus particle. With regard 
to the structural polypeptides of FPDV mention may be made of the core and envelope polypeptides of FPDV. The 
invention also covers a polypeptide comprising a surface epitope of FPDV. The present invention also covers non-gjyc- 
osytated and glycosylated forms of foa polypeptides, 
so Viewed from a further aspect the present Invention provides a genetic construct comprising a nucleotide sequence 
derived from at least part of the genome of FPDV. 

. Thus the present invention provides a polynucleotide having a nucleotide sequence at least part of which corre- 
sponds toartudsofiofcsBc^erx»c^ 

$5 re8l< Tne phrase "derived from 1 includes identical and contf ementary copies of at least a part of the genome of FPDV, 
whether of FuMA or DNA and whether in single or ooubSe-stranded form. ThB phrase "derived from- further inductee 
sequences with alterations which (due to the degeneracy of the genetic code) do not affect the amino add sequence of 
the polyp apti da expressed, as well as sequences modified by deletions, additions or replacements of nucleotides) which 
cause no substantial deleterious affect to function (including the function of the polypeptide expressed). 

« In particular, the genetic constructs of the present invention encompass the naturally racing genome of FPDV 
and cDNA equivalents thereof. Further, the genetic construct of tiie present invention includes ail recombinant constructs 
comprising nucleotide sequences derived from at least part of the genome of FPDV. Such recombinant constructs may 
be designed to express only a particular polypeptide or rjrjrypeptidas of FPDV and may include non-FPDV (foreign) 
expression control sequences. Alternatively, the recombinant constructs may include en expression control sequence 

45 of FPDV. and optionally a non-FPOV (foreign} protein encoding sequence. 

In a particular embodment. the present invention Includes a vector (such as a cloning or expression vector) which 
comprises a genetic construct as defined above. Vectors include conventional dorting and expression plasmkfc for bac- 
teria) and yeast host calls as well as eutauyotic virus vectors such as vaccinia, which may be useful tor expression of 
FPDV proteins in eukaryotic con fines. Such a vector may be used to rransfarm a suitable host cefl (either for cloning or 

so expression purposes) and the transformed host can also forms a further aspect of the present invention. Suitable host 
cell types tor transformation with FPDV itself include Chinook salmon embryo (CHSE-2U) cells. Atlantic salmon cell 
fines and Rainbow trout cett lines, However, if the vector produced is comprised only in part of a nucleotide sequence 
derived from FPDV it may be more appropriate to select a host cell type which is compatible with the vector. Mention 
may fr> ^ m pmirtryMT> host as ^ coji and Yersinia ruckeri which have been used successfully for the 

ss expression of viral haemcrrnagic septicaemia mabdevirus as weff as eukaryotic host cells, including yeasts, algae and 
fish, insect or mammalian cells In culture. Insect cells may be especially useful where a bacuiovirus expression system 
is used. Suitable host cells win be known to those skilled in the art. 
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m .wfeuiar via vector of the presort invention may be based upon a genetically engineered version erf the FPDV 

""The genetic constructs, vectors and transformed host celts may be used to express polypeptides, especially FPDV 

5 ^'iSr^PVpolypeptidemaybe. toaxample, a polypeptide Iron, aiuaidteeaaeaurajiw *^Jte**«W 
^u^as aSnTtheWeesfan erf the ncn*PDV polypeptide in veeto-lnfected feh inducing an immune 

^C^evSn^C^cJlrl Immunity to PD after «*« and e^ertmental ensure (see Regard * 
„ > , Jr^^^Ti^ia (iS The Nation ol FPDV will enable the development of antigen and rwcWc add 
" tJ^^l^^^Si^SS^s^O^^in more thorough investigation of the pethc 

™vX«Z aha useful to produce a vaccine and/or cBagnosfic materials against FPDV. 

d J^SS^S^^^^^" 1 ^^^- 1" partlailar FPDV could be ^sa^* 
v2^thr/<S KK^^Tas an expression ^^^'^"S^^ 6 ^^, 
^>nWtt« vaccina rnav be, for example, an attenuated or inactivated form ol FPDV rteeH. Inactivated tomw °f »J W 
^v^odl^ t^na aTamJ^^PDV, tor asample haating above 50«C. by treatment with chloroform, adjust- 
3 do^Sa^Xr s^rneana. AJterJtal fenn* of FPDV may baprcduced by prdonged p**a^ «* the 
oZe^^a^enUpedee. or by growth at progressively higher temperaturee. to select populations 

Zbee^SinothJvin^^ 

SSrtpoJSwe «hich is imrnJnoBanic infeh (aerially Atlantic <^* to J?*^^*! 

ZSS^SSSln the fish. Such a polypeptide may be produced by any convenient means, tor example by using 

a aana^^r^ted^ m)min ^rt technics of produdng a .uttable va«*e are 

eJSSme^SSSoner. Mention may be made to Roerlg at a. in High Technology Routeto i v.rus Vacemee. 
S^ Br^^SZdy 1985. Page 142 and also to i^ B etalmAi W ^^ie W ofF^O,sea 8 e S (i993, 

w ^ A Ste2?FPDV vacdna or non-FPDV vacdne, using FPDV as an ^^rT^T^^^^! 
produo^dte manner analogous to SemliW forest virus (SFV). With S^^^^^"^^.*^^: 
tiprn which infectious RNA awid be transcribed, and the elucidation of SFV molecular tarfogy 
IXi rt^Nteftai code to the RNA replication proleirBfromcDNAs coding to the cap* P^^A^^f 
mRMerS rathe SKotaina canba^ataSfrom infected cefla. This separation has been ««*H*i tc ^uce 

ss ^S^^^desoornpridng Sib normal virus enotodng an RNA that Encodootho RNAre^caton 
p^TS^^pSraX*^ by cc-tranafecting cells with 2 

Saltan from dfcinot oDNAa. Transcript 1 encodes the proteins '^^^^'^^"^S^ 
t«testor the proteins constituting the oapsid and envelope. Inside the trwetected ceJ-boftRNAa are 
Xat^™etoito, I o S *e^tftto 
« Tt^Pomti^^ 

m* SytfUert ^esdon system. Thus, cells transfected with a modified transcript 1 **£Z2S£ZR 

^S'aSr'SpS'lhe present Invention provides a diagnostic reagent to po. said reagent comprising a moiety 

there^ect-rts wWoh bind selectively to FPDV. cligesachandea orglyc^eiBd rx)lypeptdes theieot, and poVnudeotdes 
having sequences which are oomplamerrtary to at least a portion of the FPDV genome. ^.nmntwe 
t^onsiiv the diannostto reagent may include a ma/tar, such as a radioactive label, a chromophore. Ituompnore, 

JSjmdS 

,0aB Artbodies speeifio to FPDV which may be utilised as said moiety in the diagnostic reagent torm a further aspect of 
the present invention, if required the antibodies may be monoclonal antibodies. 
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In a v<« further aspect the present Invention provides a method o» Isolating FTOV. This method comprises Identifying 
fish suffering from Pa preferably fish in the acute staoe of PD (as defined by Munro et al. sum). Affected hssuss (such 
al tr^nS^r ^^ co^umvated with Chinook salmon embryo (CHSE-214) cote tor an appropriate length 
of i^!tor^Je * «o35 days. «p«telly wtndmataly 28 days. The co^ttvted cits are than praged through 
5 CHSE cells. 

The present Invention also provides a method of cfiagnosino PD. said method comprising the fallowing steps: 
i) contacCng a test sample wtth a diagnostic reaoent ol the present Invention to produce a reagent complex: 

io 5) optional washing step; and 

RO determining the presence, end optionally the eoocentmtion, of reagent complex and thus thepresence or amount 
of FPDV in the sample. 

is Th^rnethodrfcfiMrioslsr^ 

(lor exarnple Wdney, spleen, heart pancreas, lh«r^orWood) o« thefish ^ b ^f A ^^^^^^ 
Generally^ Is preferred for a Wood sample to be tested, thus providing a nonfatal diagnosis. Jt may abo be possible 
for the dkanostfc test 10 be performed on a sample of me water which has been used to contain the ten. 

TTt^ fpdv andamethod of producing a polypeptide derived 

20 from FPDV. 

The f igures of the Application may be briefly discussed as toftows: 

Fig. 1a; Unnfected CHSE-214 cells pAteflrtification x 750); 

25 Rg. 1b: CHSE-214 ceSs. 8 days posMnoculaton wrth FPDV {Magnification X 750); 

Fig. 3: Transmission electron mfcrop/aphs of ^utamidehyd effaced, FPDV infected CHSE-2H cell culture ffeid. Most 
of the virus particles have surface projections, butfcfle eternal structure detail 
Bar * 100 nm; 

30 Fig. 4 :Slgnifk^pancrea«cacmarc^ 
Bar »= 50 >im; 

Fig. 5: Multifocal caidomyocytte necrosis wnfch occurred concurrently with the pancreatic lesions fit poet-inocviacn 

*s day2i(_0 
Bar o 20 jim: 

Fkj 6: Deoenetation of aerobic (red) skeletal muale showing Increased endomysial cofwective tissue, pronferation 
of sarcoiernmal cells and hyaline degeneration of musde fibres at post-inoculation day 21 
40 Bar = SO |im; and 

Fig. 7: Hyaline degeneration of anaerobic (white) skeletal mueelefibres showing centralisation of muscle fbre nuclei 
and phagocytosis of fixe contents 
Bar » 50 pm. 

45 

Rg. 8: Virus Isolate x 100,000 
The present invention will now be further described with reference to the fallowing, non-llmreng, examples. 

so EXAMPLE 1 

Isolation and Cell Culture of Virus. 



Cell Cultures 



55 



For virus isolation the cHrtook saknon ernbryonlc cell fine (CHSE-214, f^ms et al. 1970) was used throughout the 
investigation. Other ceO lines used indude epithelioma papuiosum cyprini (EPC). fathead minnow (FHM). biuegill leponis 
macrochirus (BF2). Atlantic salmon (AS), rainbow trout gonad (RXG-2) and rainbow trout fteoWast (RTF) cells. Ceils 
maintained in Eagle's rririmum essential madum (MEM) containing Earls* salts and sodium hydrogen carbonate 
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22 g/1 supplemented with 200mM L^hrtamine. 1% non-essential amino adds. 0.01 M Hepes. penicillin 1 00 Ju\mU strep- 
tomycin lOOw Anr and 10% foetal bcvine senim (FBS) Gtoco, Scotland CeDs wore propagated in either 150cm* flasks 
or 24 well plates (Costar 3524) at 20*0. 

Plates were incubated In closed containers In 3% C0^97% air atmosphere. For maintenance of cells during virus 
s (eolation, a maintenance medium (MEMM) was used comprised of M EM with antibiotics increased as follows; penicillin 
500 lUmH, streptomycin sulphate SOOug mH, amphotericin B 0.625ua mn ; and FBS was reeuced to 2%. 

Original virus isolation 

10 Samples of kidney, spleen, heart. Bver. pancreas and flirt were taken from 20 Individual fish during the acute phase 
' of anoutbreakof Pancreas olseaso in farmed Atlantic salmon on the west coast of Ireland/Sainples from each fish were 
treated separately. 

Co-cultivation 

15 

For isolation attempts by co-cultivation, half portion aliquots of each kidney were fragmented by placing mem in a 
2 ml syringe and forcing them frrough a 18 gauge hypodermic needs into 10 ml of maintenance medium (MEMM). The 
suspension of tissue pieces obtained were inoculated Into monolayers of CHSE-2 14 cells prepared 24 hours previousfy. 
One ml of the tissue suspension was inoculated into each well of a 24 well plate and Incubated at 15*0 tor 28 days or 
so until a cytopathfc effect (CPE) was observed, when passage into CHSE ceBs. without freezing and thawing, and incu- 
bation for a furth er 23 days was carri ed out 

Tissue homogenates 

a The reroirtlng kidney pcfik^ tissues from eat* fteh were pooled arri 10% 

MEMM using a pestle and mortar. These were centrlfuged at 2500g for 15 minutes and 0.1ml of the supematants were 
inoculated at final dilutions of 120. 1 JSO and 1 n 00 in MEMM (mo 24 well plates containing CHSE-214 cefls. These were 
incubated at 15°C for up to 28 days or until the appearance of CPE, whan passage *rto CHSE cells and Incubation at 
15°C to a further 28 days was carried out 

x 

Viral growth curve In CHSE-214 cells 

virus growth In CHSE-214 cells was measured by Inoculation of 0.1 ml of PPDV 011 to CHSE-21 4 cefls in 24 well 
plates at a multiplicity of infection (MO I) of 1 TCIDso/ceO and allowing vims to absorb for 1 hour at 15'C. The Imocuium 

as was removed and the ceOs washed fliree times with MEMM. before replacing with 1 ml MEMM. Samples were removed 
for assay on postinooulation days (PID) 0, 2. 4. 6. 8. 10. T2. 14. 21 and 28 as toDows, For extra-cellular virus samples, 
hatf of the culture medium was removed from each of 4 wens, pod ed and centrifuged at fiOO x g for 5 minutes to remove 
the cells. The supernatant contained extra-cellular virus. For total virus samples, the remaining 0.6 ml of culture medium, 
along with the adherent cells removed by scraping, were pooled, and frozen and thawed once. Both samples were 

40 assayed separately tor virus infectrvity by titration in CHSE-21 4 ceils incubated at 1 5*C for 1 4 days. The 50% end points 
tnthis and all subsequent teste were estimated by the mefliod of Reed and Musnch (1998) Am. J. of Hygiene 27: 488-487. 

Growth of the virus In ceO cultures 

45 Examinations for cytopathic effects of FPDV 11 epithelioma papilloma cyprlrti (EPC). fathead minnow (FHM), WuegiH 
leponis rnacrochJrius (BFZ), Atlantic salmon (AS) (Ftow. Scotland) rainbow trout gonad (RTG) cells and a rainbow trout 
fibroblast cell (RTF) fine produced In this laboratory were carried out Cultures were inoculated with ten-fob dilutions of 
a vims poo! containing 1 0 7 TCID50 ml"* . incubated at 1 5*C and examined for evidence of CPE over 1 4 days. Any CPE 
was noted and cultures were tested for virus growth by titration of culture fluids In CHSE-214 cells. All cultures were 

so given one further passage tor 14 days in the same ceOs at 1 5"C, and checked again by virus growth In CHSE-214 cells 
before discarding, 

RESULTS 

55 Virus isolation 

virus was isolated from two out of twenty Honey tissues submitted for esomnatfon. These had been co-cultivated 
with CHSE-214 cells tor 28 days and then given further passages In CHSE-214 cells. No CPE was seen in the original 
co-cultivation cultures. On passage however. smaB discrete groups of cells which were pyknutic. vacuolated and Irregular 
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in aooearance could be observed after 10 days incubation. After tour further passages in CHSE-21 4 celts the CPE had 
bec^vridespread (see floure 1). virus Ares of lO^ClD^ were routinely obtained. Most of the affected cells 
remained attached to the monolayers. No syncytia or Inclusion bodies were observed in any of the culture*. No virus 
was isolated from any of the tissue homoflenates Inoculated. 



5 



Description of cytopathlo effects In CHSE-214 cells 

tnthe early paesag es small discrete groups of cells became pyfcnofc, vacuolated and irregular in appearance, These 
increased over three weete until up to the three-quarters of the monolayer became affected. Infected ceOsdW not detach 
10 from the surtace of the culture plate. When the virus became cefl adapted the CPE appeared as early as 4 days and 
were usually complete by 14 days. 

Growth in various cell cultures 

T3 Growth of tho virus in CHSE-21 4 cells Is shown in Figure 2. Highest total virus levels were achieved by 6 - 8 days 
oostinocutetfon. whereas extra-cellutar virus peaked around 11 days post-<rocuiatfon and remained high for up to 14 
days postMnoculation. No CPE were observed in A9. BF2, FHM, EPC, or PTC-2 cells and there was no evidence of 
growth of FPDV in these cells. However, in me RTF ceil line although no CPE were observed, FPDV titres reached W 
TCIDm mil on both first and second passage In these cells. 



20 



EXAMPLE 2 



Chloroform sensBMty 

es Sensitivity to chloroform was determined by adding 0.05 ml cHoroform to 1 rrt of virus. The mixture was shaken for 
10 minutes at ambient temperature then certtrrfuoed at 400x0 for 5 minutes to remove the cWoroform. Residual infections 
vims was detected by titration In CHSE-214 ceils. A control consisted of 0.05 ml of MEMM added to 1 rrt of virus instead 
of chloroform. Infectious Pancreatic Necrosis Virus (IPNV) and Viral Haemorrhagic Sefjticaemia virus <VHS) were also 
included as negative (norwensitrve) and positive (sensitive) virus controls respectively. 

so 

RESULTS 

The infeetivity of the isolate and VHS virus was reduced loOowino exposure to cNoroform indicating the presence 
of an envelope comaining essential Bpid&_ 

ss 



Table 1 



4S 



Sensitivity of FPDV to chloroform 
Virus concentration Log TCtDRvYrd 


Virus 


Control 


Treated 


FPDV 


7.5 


<1.0 


IPNV 


7.5 


7.5 


IHN 


ao 


<1.0 



m contrast IPNV inf ectivity was not affected when treated in the same way. 

EXAMPLE 3 
Stability at pH 3.0 

Stability at pH 3.0 was determined by addlrvjo.i ml vinjstoo^ml MEMaolustedtDpH 3-0. holding tor 4 hours at 
4 8 G then checking far residual infections virus by titrating in CHSE-214 cells at 15 9 C for 14 days. The experiment was 
repeated wt* FPDV added to MEM at pH 7.2 as a control. IPNV was included as a pH 3.0 stable virus control and 
infectious hematopoietic necrosis virus (IHN) was used as a pH 3.0 sensitive control 
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RESULTS 



15 



8enativityolFPDVtopH3.0 
Vims concentration Log TClD&yml 


VIRUS 


pH3>0 


pH7.2 


FPDV 


<1.0 


65 


IPNV 


7.5 


7.5 


IHN 


<1.0 


6.0 



The intaetMty of the isolate was los! when It ^exposed to pH 3.0. iPNVv^ not affected. 

SO EXAMPLE 4 

TernperaturB stability 

Aliquotscf viral suspense 

25 by bnrnUbn in bad water. The concanfration of Wee*** virus remaining was assayed by titration m CHSE-214 cells 
incubated at 1 5'C for 1 4 days. 

RESULTS 

20 The MectMty was not affected at 4. IS, 2S'C but was reduced at 37 and 45*C. No infectious virus was detected 
after 30 minutes at 50*C. 



Tabled 



35 


Stability of FPDV held at Afferent temperatures tor 30 minutes. Residual virus 
assayed tor infectfvity in CHSE-21 4 cells, incubated at 1^0 (or 14 days. 




Temp fC) 


Virus concentration Log TCID«/ml 




4 


7.5 


40 


15 


7.5 




25 


7.5 




37 


6.5 


45 


45 
50 


5.5 



50 

EXAMPLES 
Haemagghritrtation 

55 Tests tor haemaggiutinafion were carried out with chicken, guinea pig. rainbow trout, and Atlantic salrron erythro- 
cytes is U-bottomed 96 weO plates, by adding 0.1 ml of a o.e% suspension of red blood cells in phosphate buffered eefine 
(PBS) pH 7.2 to 0.1ml of a FPDV pool prepared in CHSE-214 cefls with a tiire 10* TCIIWml and incubating at 4»C. 
15°C. and 37*C. Tests were examined after 1 . 3 and 18 hours. 
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RESULTS 

No haemawrutination was observed at any of the terrperatures, or with any of the eythrocytes selected. 

5 EXAMPLE 6 

Nucleic add rnhibrtfcn test 



10 



The r^eScaddtypetfthevmisw^^ 
2Vteaxyuridine (BUDR) wHh and wHhoutthynikJJne. Groups of .4 wells In each of ^^^I^l!^ 3 ^''^*^^ 
214 ceHa were Inoculated with 0.1ml of ten-toH options of virus, which were allowed to absorb for 1 hour at 15-a To 
e^^frrt^^^ MEMM with imMMU BUDR or MEMM whh imM/rri BUOR and inWW thyrr^ne 
wer^ Ked VmJSSnmn incubated at 15'C tor 14 days and examined tor CPE. A fish RNA virus (IPN) and a DMA 
virus (lymphocystis) crown in BF2 cells were included as controls. 



RESULTS 



Table 4 



Replication of FPDV in CHSE-214 cells inthe presence of imM 5H*orrx>^eoxyundlne (BUDR) 
Vims concentration Log TCIDg/ml 


Virus 


MEMM 


MEMM+8UDR 


MEMM+BUDR+THY 


FPDV 


7.0 


7.2S 


7.0 


IPNV 


7.5 


7^6 


7,5 


lymphocystis virus 


72 


5,0 


7.0 


IHN 


6-0 


nd 


nd 


nd = Not done 





35 The virus tctre of the Isolate and IPNV was not affected by the presence of BUDR ton the medium whereas the fish 
DNA virus was InhWted . TO* indicates that the genome of the isolate is comprised of RNA. 

EXAMPLE 7 

40 

Negative Contrast EM Examination 

Virus suspensions tor EM examinations consisted of either FPDV infected cell culture m ^ lum J^^^Z 
fixation or otter the addition of gMaraldehyde (2% final cone.) tor 1 hour at 4*C end ^f^ u *^^ 
45 100 000 x g tor 4 hours, then resuspensicn of the pellet in a few drops of disced water. A cabon coated 
was placed on top of a drop of virus suspension and allowed to stand far 10 rrdnutes. 

the odd was stained with 2% phosphntungstic ackS (PTA) (pH 7,2) for 1 minute. It was examined In a HfaacWe H7000 
transmissiDn QA at x 50,000 ' magrifteation, 

90 RESULTS 

Virus preparations notfixed In glutaralderr/debefere EM exarrflnstion contained rrwtfy disrupted particles, rndfcating 
that pre-flxatton is required to preserve the intact virion. t 

EM examination of the paraldehyde fixed material revealed *e presence of circular particles measuring 65.5 
5s 4.3 nm (Figure 3± These possessed an inner core of indefinite structure and were surrounded by an outer fringe of what 
appeared to be dub-liko projections. Many partially disrupted particles were also present In the 
only a few complete particles were seen and this IrjcTteates that the free virion is fragile and easily disrupted during 
preparation tor EM examination. 
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EXAMPLES 

Growth and Conccntrattan of Virus 
s Growth o« virus in CKSE-214 colls 

v*n^ m** in CHSE-214 cafe wa* measured by inoculation of 0.1ml ofFPDVonto GHSE-214 celte In a S4 wen 

cX^ed by soaping ware pooled, end then frozen end thawed once. Both samp!** were assayed separately tor 
w» infective by titration in CHSE-214 cells at 15*C tor 14 days. 

is Caesium Chloride Gradient Centrtfugattan 

^^J?JS^T»«14 Sml ol 1 22qftnl CeCL This was cirtrifugad fit lOO.OOOxpfor 19 hours at 4'C. 20 
SS£ £SS ^1^^^^^ incub«£e, 15-0 1or14 day* T*e dens* o. *e 
tractions containing Infective virus was determined using a retractometor. 

25 RESULTS 

was S! dmsfty of t«W and this fraction also contained the greatest numbe. of complete v*ua pamohs 
as asttrnfffld by EM examination. 



EXAMPLES 

Serological tests 

» FPDV was tested for neutralisation by hyperimm™ lattHsen against '^^^^^^"S 
Haemormagie Sspticaemla virus (VHS). Infectious Pancreatic Necrosis virus, strains ^^YJ*** 9 (IP^;"*™ 
SXvtnMEA* . 8^ Viral Diannoea vtru»(BVD). and Rubella virus, f^l volumesofJOO 
Stedto O.ini oltwo-Wd dButicnsof anfeamand irxiiattri at 1S»Cfor 1 J^; J^^^ 6 *^^^ 
into CHSE^l 4 ceils in 24 wall plates, 0.1 ml per well, alidad to ^ *£* T TJZT*£ 

« 1 S'C tor 14 days, and the cultures examined microscopically on alternate days to evidence of CPE. THres were caicu- 
latad by the method of Read and Maunch. 1338 in Arrar. J. of Hygiene 2Z-433-497. 

RESULTS 

« I^Ww^rrt neutralised by antfeera to IHNV.VHSV. IPMV. EAV. BVD or Rubella, indicating that it was not related 
to these virus groups. 

EXAMPLE 10 

so TRANSMISSION EXPERIMENT 

1) Materials end Methods 

a) Fresh-water Fish 

* Atlantic salmon parr of mean weight 20g 12.9g ware maintained In drcular 1.2m tfamtfartante "f*?***^ 
parfS^^latedlpring source water at 1fM2*C Thefish were ^ m ^^ teta2 ^^£™^ n . 
Smatiseand wetted on a commercially prepared diet to satiation. Tissues were removed from 10ffih and exam. 
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ined forth* presence of Infectious Pancreas Necrose virus (IPNV) and Pancreas Disease. Before Inoculation fish were 
anaesthetised with 3-aminobenzolc acid ethyl ester (MS222). 

b) Marine fish 

' AaariteffllrrionposKmortBdmaan^gM 

throuah system at 12-15'C. They were kept for 2 weeks to acclimatise prior to Inoculation, andsamptes of tissue from 
To fXve^culhired for the presence of IPNV and wamtaed histologically for evidence of Pancreas dtesasa 

to 2) Expert mental procedures 
Inoculum 1 

A FPDv* pool was prepared by inoculating wus into CHSE-21 4 celts ai a muWpllclty of infedton ol 1 TCID* per obII 
is ardharvasti!^ 
oaBdrtM 
Samr^ 

flrvcllpped ifHnoculated fteh ware added to each of the tanks as In-contact fish. 
20 Inoculum 2 

As controls 1 00 frsh wore inoculated with a lysate from uninfected CHS5-21 4 cafe prepared in exactly the same 
manner as the virus Infected cette, and 50 additional lrwx>«tact control fish were added. 

25 Sampling 

On days 6 or 7 ID, 14 of 15.21. 28, 35, 42 posHrxjculalloa samples ol heart spleen. Wdney. Bver. caecae/pancreas 
and musde were taken from 10 test and 10 control fish far histological examinafion. Heart spleen, kidney and caa- 
caefciancreas samples were also taken from the same fish for virus isolation until day 2a At days 14 or 15. 21.28,35 
w and 42 posHrwculatJon 5 irr-corrtact fish were removed and tissues sampled for histological examination. In-contactnsh 
were sampl ed for virus isolation on days 1 4 or 15 and 21 only. 

Histology 

x Samplesfbr hisidorjcsi examination were fixed In 1 0% tor maUehyde h buffered seflne pH 7.0. embedded In paraffin 
wax end 5 micron sections cut on a Relchert Ultracut S microtome. These were stained with haematoxyfin and eosin. 

Virus isolation 

40 Tissues ware prepared as 10% homogenatea in MEMM. using mortars and pestles, centrifufled at 2.500x5 for 15 
minutes then Inoculated at final dDuflons o! 1 :20 and 1 :10 Into each ^ CHSE-214 
caDs arxl incubated at 15 B 0 tor 28 days- 
Samples showing no CPE were given one further passage Into CHSE-214 cells before being considered negative. 

45 RESULTS 

Clinical and pathological lesions tn fresiwater salmon parr 

When the virus was "wioculated rrfo freshwater salrr^ 

so observed Acute pancreatic acinar necrosis was detected from 6-1 0 days post inoculation (p/u). Tn e necrose was focaJ 
to diffuse in distribution. Between day U and 21 many of the fteh had significant acinar loss but pocKets of surviving 
acinar tissue weredetected especially wound the islets of Langerhans and larger intratobulai ducts in some fish. There 
was mild fibrosis of the pertaoinar tissue, Concurrent murWocaJ myocytio necrosis and degeneration was detected from 
flay 6 p.tin ail fish with pancreatic lesions, tn weak 3 post-Inoculation the hearts appeared hyperceilular with apparent 

ss ordiferation of myocyte and sutj-endoeardfct cefle with myocytic nuclear enlevement Mild skeletal musde lesions were 
detected from 21 days p.i. tn contact fan developed simfler lesions after a 2 week delay No Wstatogica) lesions ware 
detected in the negative controls. 
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a, n!ca j ami pathological lesions In seawatar transmission experiment 

_ ^ -_ h innfnjlated fpdv became anorexic and there was an increase in faeca) casts In the tank. 

or lesions were detected in any of the control f l^- 
Isolation of vlma In transmission experiments 

Virus was isolated from all tissues of the inoculatad fish, but at different times perflation (Table 5). with the 
heart tissue giving the beat success rats. 



labia 5 



Ttensrnfeston Experiment - Freshwater fteh. Virus Isolations ^^0% tissue hornooenates 
Inoculated into CH8E-2U cells and incubated at 15*C tor 1 4 days, ! 


Tissue 


Days poat4noculation 






6 


10 


14 


21 


28 


Kidney 
spleen 


+ 


+ 




+ 




heart 


+ 


+ 


+ 


. + 


+ 


pancreas 












nver 












gut 




4» 




♦ 


+ 



In contact fish from tha same tank became Infected vrfth the vims, although none of the control fish were found to 
35 contain vims. The results for the sea-water fish are &nn In Table ft. No IPN vtrua was detected at any stage hi the 
transmission study 



Table 6 



Virus Isolation In transmission experiment (sea-water fish) 



Fish 



Number positive/nuntoer examined 





Days post -l rtoa 


.nation 






7 


10 


15 


21 


28 


Inoculated controls 

Virus Inoculated 

Not inoculated fin-contacts) 


0/10 
7/10 
ND" 


0/10 
8/10 
ND* 


0710 

10/10 

5/5 


0/10 

3/10 
s/s 


0/10 
ND* 
ND* 



ND* a Not Done 



ss 
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Summaries of the histological resufts are shown on Table 7 and 6. 

-fable 7 



— ' Days post Infection 



Tissue 



Pancreas 
Heart 



♦ 7/10 

♦ 7/10 



14 



♦ 10/10 

♦ 10/10 



21 



♦ 10/10 

♦ 9/10 



+ 2/10 
♦ 2/10 



No lesions detected in any negatfve controls 



£5 



Summary d 


Histological Findings In Experimental Ttensmission StuCes using FPDV In Saawater Salmon Smelts 

nsiv« infection 


Tissue 


7 


10 


15 | 


21 


28 


Pancreas 

Heart 

Muscle 


♦ 9/10 
+ 6/10 
0 


♦ 10/10 

♦ 10/10 
0 


+ 10/10 
♦ 10/10 
2/10 


10/10 
10/10 

ano 


ano 

6/10 
9/10 


Ho lesions i 


detected i 


n any nags 


tth/e controls. 



EXAMPLE 11 

» INACTIVATED RSH RANCREAS DISEASE VIRUS (FPDV) VACCINE EXPERIMENTAL PROTOCOL 
AIM OF STUDY 

To investigate » inactivated FPDV wtth added adjuvant, when inoculated into salmon parr, can protect the fish from 
40 challenge with live FPDV. 

MATERIALS AND METHODS 

Virus used in preparation of the vaccines 

11th passage FPDV was grown m CHSE cells and harvested at 6 dayspost inoculation and ^^^^f^l?^? 

FPDV al a titre of 1 0^CIDsomT 1 • 
so virus inactivasfon method 

A. lOrnl FPDV as prepared above + 0.2% betapropiotoctone (BPL) + 2 drops NaOH 
a 10ml FPDV as prepared above + 0.1% formalin (35-38%) 
G> MEMM (maintenanca meanim). 
AIlquotsofA.BandCwt^sta^ 
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Vaccination protocol 



FISH : Salmon parr, average wt27g. were kept in frdshwater flow-through system tor 1 or 2 weeks prwaccination. 
(Water ternparature range 10-U°C). 
5 Bfood and tissue samples were tnken from 5 fish per group prtof to vacdnfltion. ^ ~— ,, - 

0.1 ml ol irvacthratee^uvamed FPOV as prepared in A and B and the adjuvant control group C (MEMM plus adju- 
vant) was inoculated intraperitonealfy (l/P) into 50 fish per croup. 

SAMPLING 

10 fish from each group were sampled 1 week before challenging with FPDV. 

Bloods and rristopathcfogteal samples were taken and checked for evidence of pancreas disease (PD)_ 

No evidence of PD was found histologically or by virus isolation. 

15 Challenge protocol 

0.lrnlrj1lrve1Cr* 6 TCro^ 

^^AJowlhyoup D of 50 naive unvaorinated fish, were also inoculated VP with the same amount c* FPDV to act as 

20 a positive control . 

. After 10 and 14 (toys post chaiengs. 5fish were sampled firom each flroup. 

Blood samples for anifrody tests. kJdney and heart tissue samples for virus isolation, and pyloric caeca, heart and 
musde samples for histology were taken. 



35 



60 



.55 
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5 



10 



15 



20 



30 



45 



VACCINE EXPERIMENTS 


Group /No 


10 DAYS 


14 DAYS j 


21 DAYS 






Hfatotagy 


Virus 


Kstdogy 


Virus 


Histolog 


y 


Virus 




Pane 


Heart 




Pane 


Heart 




Pane 


Heart 




Ml 


— 4. 




+ 






ND 








Ao 




▼ 






+ 










/ A« 

A3 




















A4 




















A& 


+ 


















Hi 




















B2 




















B3 




















B4 




















65 




















C1 






+ • 


+ 


+ 


WD 








C2 




+ 
















C3 


+ 






♦ 












04 




















C5 


+ 






+ 


+ ■ 










D1 


* 


♦ 






+ 


+ 








D2 








+ 












03 




















! D4 


* 






+■ 












D5 


+ 


+ 




+ 












1 + = lesion 


3 or virus 


\ present 








2 - « no lesions or virus present 






3 NO a not done 










4 GROUP A - FPDV + 0.2% BPL + ADJUVANT 


5 CROUP B » FPDV + 0.1% FORMALIN + ADJUVANT 


6 GROUP C = CONTROL MEMM + ADJUVANT 


7 GROUP D = UNVACCINATED CONTROLS 





50 EXAMPLE 12 

INDIRECT FLUORESCENT ANTIBODY TEST (1FA) FOR DETECTION OF FPDV ANTIGEN IN CELL CULTURES 
INTRODUCTION 

The ♦est ir~of^s addition of serum. containing FPDV antibody, to CHSE cells v*^****™™^ 
virus. If virus Is present the antibody win Wrd to the antigen present Anti-salmon IgM prepared In rabbrts iathenBiBed 
and will attach to me bound antibody. This attachment Is detected by the addition of anti-rabbit serum conjugated to 
fluorescein isothlocyanate (FiTC) which can be viewed as green fluorescence using a fkiorescent microscope. 
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MATERIALS 

CHSE-214 cells are grown on 1 1mm cflametsr covarslips in 24-weii plates (Costa/) by seeding 45.000 calls m 0.5ml 
of growth medium (MEM+1 0% foeta} bovine serum) per coverslip. The cultures are incubated at 20 9 C In a dosed corv 
s talner with 3% CO^ air mixture fox 48 hows before use. 

Positive serum - convalescent serum from FPDV affected salmon used at 1/50 dilution in phosphate buffered saline 
(PBS) pH 7.2. 

Negative control serum - salmon serum with no antibody to FPDV diluted 1/50 in PBS. 
Rabbit anti-salmon IgM - obtained commerdaHy from Soren Schlerbeck & Co, Hetingor, Denmark, diluted 1/50 in 
10 PBS. 

Anti-rabbit Ig/FiTC - obtahed ccnwwrdally from Nordic rmm. Labs., Berks, England, diluted 1/1000 in PBS. 
METHOD 

15 Material suspect of containing FPDV fs added to the ccvsrsflps In wefts containing 1 ml M EMM (maintenance medium) 
and incubated for 5 days at 15°C in a closed container with 3% COgfe'i mixture. The coverslips are washed twice in 
PBS and fixed i n acetone icr 5 minutes then stored at +4*C until used. Negative control aitturea, without sueped samples, 
as well as positive control cuhurea, containing FPDV, are prepared in the same way. 
Test and exsntoccversfips are cro^ 

20 in a humidified 100mm senjarc petri d»h. PBS is added to separate coverslips as reagent controls. AD ooversfips are 
then rinsed in PBS for 6 minutes (3 changes of 2 minutes each) and excess PBS is drained off on tissue paper. 50uL 
of anti-salmon igM is added to ail covers! ips and incubated for 30 minutes at 35*C. Further rinsing b carried out in PBS 
tor 6 minutes and 50pL of antl-rabbnVFITC Is added to ail ccversfips which are incubated tor 30 rrwttJtes at 35*C A final 
raising is carried out for 6 minutes in PBS and the cover sips are examined under a 40x objective on a Labophot 2 

ss fluorescence microscope with the coverslips under buffered glycerol saline pH 9-2. Green fluorescence similar to the 
positive controls, wrth absence of fluorescence in the negative controls Indicates presence of FPDV antigen in cultures. 

EXAMPLE 13 

90 INDIRECT FLUORESCENT ANTIBODY TEST (I FA) FOR DETECTION OF ANTIBODY TO FPDV W SALMON SERUM 
INTRODUCTION 

The test involves addition of salmon serum to FPDV infected CHSE-2 14 ceOs. If antibody to FPDV is present in me 
» serum it will bind to the virus Infected cells. AntKsaJmon IgM prepared in rabbits is then added to the preparation and 
will attach to any bound antfoody. This attachment is recognised by addition of srrfi-rabbft serum conjugated to fluorescein 
truocyanats (FITC) which can be viewed as green fluorescence (FITO under a fluorescence microscope. 

MATERIALS 

40 

FPDV infected cells are prepared by adding virus to CHSE-214 cell suspension containing 200,000 ceOs per ml, at 
a murtipiidty of 1 and seeding 40uL into each well of 12 well muHispot slide (Hendley, Essex). The cultures are Incubated 
in a 3% COateJr a tm os ph e re in a dosed container at 20°C for 24 hours. They are ft en transferred to a 15*C incubator 
and incubated lor a further 3 days before rinsing twice with phosphate buffered saline (PBS) pH 7-2. fixing with acetone 
4S for 5 minutes and storing at +4'C until used. Control CHSE-214 cultures wimout virus are prepared in the same way. 

Test sera - salmon serum for antibody testfng. 

Positive control serum - salmon serum shown to have neutralising ant body by serum neutralising antibody test 
(SOT). 

Negative control serum - salmon serum with no antibody by SNT. 
59 Rabbit anti-salmon IgM - obtained commercially from Soren Shierbeck & Co, Hefsingor, Denmark. 
Anti-rabbit leyFTTC - obtained commercially from Nordic tmm. Labs. Berks. England. 

METHOD 

ss FPDV positive and negative mutfepot wells are overlaid with 30 uL of salmon test sera diluted 1/20 with PBS pH 
72. Positive and negative sera at 1/20 dilution in PBS are also included in separate wells. Two wells on each s&de also 
have PBS added as controls and slides are incubated at 35*0 in a humidified 1 04mm* petri dish for 30 minutes. Following 
rinsing in PBS (three rinses of 2 minutes each) 30 uL of anti salmon IgMaia 1/50 dilution in PBS is added to aB weBs 
and the slides incubated for a further 30 minutes at 35°C. After rinsing for 6 minutes in PBS, 30 }iL anti-rabbit IgM at a 
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1/100 dilution in PBS is added to each well and Ihe s«es incubated for 30 minutes at 35*C A final rinse in PBS for 6 
minutes is carried out and the presence of fluorescence detected using a 40X objective and a Labophot 2 fluorescent 
microscope with the slides under buffered glycerol saline pM 9 2- A distinct tve green f tumescence In lest and positive 
serum welte and not In the controte indicates the presence of antbody to FPDV in these sBra. Antibody titrations are 
5 carried out using the same method. 

EXAMPLE 14 

virus RNA:"Curtdlna 

10 

Although fees commonly use than tritium, this label was chosen because ft is detectable using X-ray film, 

Labelled, extracelluar virus was pelleted at high speed and extracted for analysis by fonrmWehyde-gel electrophore- 
sis. In the fto experiment in wriirfi^ 

RNA present in Act Otreated. infected calls was also investigated. Following extraction by the NP40 lysis method 
75 a smear of labelled RNA, Increasing In Intensity as molecular weight decreased, was observed. No distinctive candidate 
viral RNAa could be detected 

Larger volumes of exiracefluar virus, labelled with "C and sH-undine in the absence of Act O, were pelleted and 
extracted wnh the Geneve RNA isolator method On a tom^ehydegaisrxjwtng very good resolution of labeled ribos- 
omal RNAs (from infected colls), high-speed pellet virus RNA migrated as a smear. Most of ftia RNA was of low eciJar 
20 weight corresponding in mobility to tRNA or slightly greater, but the smear extended In size to greater than the 5000m 
(larger rRNA species). Long exposures of this gel Indicated the presence of 2 telnt bands* one corresponding In size to 
the 28S rRNA and the other at a position corresponding to about 10*1 5kb. The larger species possesses a mobSity 
simibr to that expected for tog^ri«fflav1virus. One possible explanation for the smaDer RNA is that we have detected 
the subgenornJc RNA produced by togavi ruses. 

Z5 

EXAMPLE 15 

FISH PANCREAS DISEASE VIRUS (FPDV) TRANSFECTION RESULTS 

so Transferors were successfully performed with (a) RNA extracted from Infected CHSE cefls (Intracellular RNA). 
and (b) RNA extracted from virus present in the tissue culture supernatant (Extracellular virus RNA). 

RNA Preparation 

as (a) Intracellular RNA 

Monolayers of CKSE cells in 75cm* plasSc flasks were infected with FPDV (typically 10* TCIDro). This was done 
by absorbing the virus contained In 2mJ MFJvl media for 1 hour and then adding 1 7mJ media without serum, AS 7 
days postinfection the media was removed and the calls scraped off tnef taste into ice-cdd PBS. Cell pellets prepared 
by centrifugalion at 1500g for 5 minutes, were extracted using "RNA isolator (Genosys). TypicaDy. cells from 2 

40 flasks were extracted with irH extraction reagent 

(b) Extracellular virus RNA 

Supernatant medium (usually 700-gooml volumes) from infected CHSE cells was concentrated 6 or 6 fold by Anton 
filtration and uftracemrrfUgHtian at 35000 rj*n for 4 hours using the Beckman a x 70mt fixed angle rotor to produce 
4$ crude virus pellets; which were shown to contain high tires of virus Wecthrity. Typically crude virus pellets derived 
from 300-450ml stjpernatam were extracted with 1 ml "RNA Isolator reagent. 

Transfection 

so RNA pellets were centr ifuged after storage In BOH at -20*0 at 1 2000g for 1 0 rninutes and dissolved in 20pJ RNAase 
free water. TypicaDy. brtracaBular RNA derived from the cells contained in approximately 0.25 flask monolayer and Extra- 
cellular virus RNA derived from 50-l00rrt supernatant were used. Transfection was performed with the "Upofectin" 
(Gfcco BRL) reagem using the method recommended by the manufacturers. Briefly, this involved mixing RNA solutions 
with tissue culture media containing Lipcrfectfn and then Incubating serttcorrftuem CHSE ceils, grown in 24 well Costar 

ss plates, with the mixture (100uJ/l .5cm diameter well culture) for 5 to 6 hours before replacing the reagent transfection 
mixture with maintenance medium. Cultures ware examined for cpe at daily intervals. Occasionally viral cpe was 
observed after 4 to 6 days following the subculture of transfected cultures, the subculturing procedure usually being 
performed 8 days after the transfection. 
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Claims 

I . A virus characterised in that it fe a causative agent of pancreas disease in fish. 

5 2. A virus aa daimed in Claim 1 having spherical enveloped pa/tides of approximately 64-6Snm ojameter as measured 
by electron microscopy and having a density of approximately 1 2g/mt in caesium chloride. 

3. A virus as ctoimed in either one of Claims 1 and 2 which id sensitive to chloroform, to a pH of 3 or las*, and to * 
bmmo-2 , -deoxyuridir>a (BUDR). 

10 ^ AvirusasdairnedlnanyoriecrfCteln^ 

Atlantic salmon post-smoKs held in sea water at 14-C causes the fish to develop syrnptoms of pancreatic disease, 

S. A virus as claimed in any one of Claims 1 to 4 being toe strain as deposited at EC ACC under Deposit No V94O90731 , 
is or closely related strains thereol 

e. A virus as daimed in any one of Claims 1 to 5 substantially free of other viral or microbial material. 

7. A polypeptide being apoJypecrticto derived fr equivalent 
so or part thereat 

& A polypeptide as dakrted In Claim 7 comprising a surface epitope of a virus as daimed in any one of Claims 1 to 6. 

9. Apolypeptkteaadarmedineft^ 

25 

10, A porynucleotide riavino, a nudeotide sequence at least part of which corresponds to a rwdeotkle sequence derived 
from at least part of me genome of a virus as daimed m any one ot Claims 1 to 6. 

I I. A pdynudeotida as daimed in Claim 10 wherein said pdynudeotide encodes a polypeptide as daimed in any one 
so of Ctaima7tD9. 

12. A recombinant construct comprising a polynudeotde as daimed in either one of Claims 10 and 11. 

1 3. A recombinant construct as claimed in Claim 12 wherein said porynudeofide encodes a polypeptide as claimed in 
99 any one of Claims 7 to 9, said polynucleotide being operaWy linked to a ncn-FPDV expression control sequence, 

14. A recombinant construct as daimed in Claim 12 having an expression control sequence derfved from a virus as 
claimed in any one- of Claims 1 to 6 operaWy Pnked to a polynucleotide encoding a non-FPDV potypeptioa. 

40 IS, A vector comprising a pdynudeotide or construct as daimed tn any one of Ctoime 10 to 1 4. 

16* AvectwasdalmedinaaimlSc^^ adapted to express 

said polypeptide. 

45 17. A host cefl transformed with a vector as daimed in etfr er one of Claims 1 5 and 1 6. 

18. A eukaryotfc host cell as claimed in Claim 17. 

19. A eukaryotic host cell as claimed in Claim 18 selected from the group consisting of Chinook salmon embryo cells, 
so AJJaMc safrnon cells and Rainbow Trout cefls. 

20. A polypeptide produced from the expression of a polynucleotide of Claim 1 1 . 

21. A vaccine to combat fish pancreas disease, said vaccina comprising a virus as daimed In any one of Claims 1 to 6 
65 or a polypeptide derived therefrom. 

22. A vacdrte as claimed In Claim 21 comprising an attenuated or Inactfvatad form of a virus as daimed In any one of 
Claims 1 to 6. 
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23. A vaccine as claimed In Claim 21 comprising a polypeptide as claimed In any one ot Oabro 7 to 9. 

24. A diagnostic reagent for ffeh pancreas disease, said reagent comprising a moiety capable of binding selectively to 
a virus as claimed In any one of Claims 1 to 6 or to a component thereof, 

5 25. A oTBBnostlc reagent as claimed in Oaim 24, wherein said moiety Is an antfcody. lectin or a polynucJeo&le- 

28. A diagnostic reagent as claimed m eHher one of Claims 24 and 25 having a marker, a chromophore, a fluorophcra. 
a heavy metal, an enzymic label, or an antibody label. 

TO 

27. A diagnostic reagent as claimed In any one of Claims 24 to 26 in immobilised term. 

28. A method of isolating a virus as claimed in any one of Claims 1 to 6, said method comprising identifying fish suffering 
from pancreas disease, GO-cufflvatIng affected tissues with Chinook salmon embryo cells; passaging the co-culti- 

75 vated cete through Chinook salmon embryo cells; and isolating the virus particles. 

29. ArrttTrtodasdalm^lnCtaJm 

Chinook salmon emb ryo cafe is undertaken tor a period of approximately 28 days. 

so 30. A method of diagnosing fish pancreas disease, said method comprising the following steps: 

1) Contacting a test sample with a diagnostic reagent as claimed M any one of Claims 24 to 27 to produce a 
reagent complex 

as 2) An optional washing step; and 

3) DetermjnJng die presence, and optionally the concentration, of reagent complex and thus the presence or 
amount of virus in the test sample. 

50 at. A method as daimed in Claim 30 
fen has been contained 
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